Although the need to improve patient safety is widely recognized, there is general agreement that ambitious targets for improvement have not been met. Resilience Engineering focuses on complex adaptive systems and provides a holistic view of interacting elements that adjust, adapt and reinforce one another in response to emerging forces. This provides a framework to understand both why organizations succeed or fail and, therefore, how to improve their reliability. One component that is often identified as a key factor in safety and reliability by complex adaptive systems and RE are the individuals within the system and their relationship to organizational performance. The goal of this paper is to identify and transfer knowledge regarding healthcare worker's well-being from health sciences to the development of proactive safety management systems, with a specific emphasis on the RE framework as offering the most potential for this. To achieve this, the paper will: First provide a review of relevant determinants associated with a healthcare worker's well-being that suggest both risk and contribution to the success of system performance. Next, the benefits of utilizing indicators for proactively monitoring system performance in healthcare will be reviewed. This will have a particular focus on the benefits and challenges to the routine monitoring of the healthcare worker's well-being as a specific indicator for system performance and patient safety. Finally, further research necessary to address a number of critical key factors to investigate the utility, validity, and usability of the design and implementation of healthcare worker well-being indicators into healthcare safety management systems are identified.
Introduction
Patient safety has long been a concern for policy makers, the public, and clinicians. Although progress has been made in increasing patient safety, challenges remain linked to the sustained scale and spread of improvement [1] [2] [3] . Due to the inherent complexities of the healthcare system, over the past decade, professionals and researchers from human factors, systems engineering, and health science disciplines have attempted to combine skills and knowledge to redesign safer healthcare systems [4] . One area that has received a substantial amount of attention is the wellbeing of those who deliver care. The literature that covers healthcare staff well-being often describes the working environment of the healthcare employee to have inherent risk factors related to their psychological, physical, and social health [5] [6] [7] . Unfortunately, despite this recognition, there has been relatively little attention to its potential in yielding predictive measures in order to identify weaknesses or strengths for taking corrective actions before a system fails. Within Resilience Engineering (RE) [8] , leading indicators are developed as a means for proactively monitoring and managing risk as according to not only their potential for harm, but also their strengths. The purpose of this paper is to advocate for monitoring of the worker's well-being within the healthcare organization as a leading indicator of system performance with emphasis of the RE framework as offering potential for this. This paper also calls for further research to investigate the utility of leading indicators of healthcare worker well-being.
Review of healthcare worker well-being determinants that suggest risk and contribution system performance
The well-being of the healthcare worker is an increasingly popular topic in research and the media. Currently, there is no universally accepted definition of well-being and as a result, most researchers will describe well-being as covering the interactional outcome of a number of differing dimensions regarding an individual's subjective state. Dodge and colleagues conducted a multi-disciplinary review of past attempts to define well-being and proposed a definition of well-being that includes constructs that are arguably measureable, operational, and universally applicable [9] . Their definition highlights that a stable well-being is when individuals have the psychological, social, and physical resources they need to meet a particular psychological, social, and/or physical challenge [9] . Although a direct relationship between the well-being of healthcare workers as defined by Dodge and colleagues and outcomes to the healthcare system has not been established, the determinants related to the psychological, social, and physical dimensions of healthcare workers well-being have been thoroughly investigated. This growing evidence presents both negative and positive determinants related to the psychological, physical, and social determinants of a healthcare worker's well-being that suggest a risk or contribution to the healthcare system based on its sociotechnical response. That is, the interaction between the healthcare organization's complex infrastructures and human behavior. A selection of these determinants is reviewed below.
Overview of selected negative determinants related to the healthcare worker's well-being that suggest a risk to the healthcare system
The negative determinants related to one's compromised well-being, such as burnout, stress, fatigue, poor physical health and poor social capital have been thoroughly documented and reflect inherent consequences to the healthcare profession. In short, a review of the literature suggests that despite the fact that fundamentally different healthcare systems exist globally, these issues are not unique to one country, regardless of their development or socio-economic status, and does not discriminate against one's clinical area of work, population served, or phase of professional development or specialty. The E.R. [10] , internal medicine [11] , primary care [12] , and mental health [13] are just a few of the clinical areas that have been documented to have negative outcomes to the well-being of the healthcare workers who work there. Phases of a healthcare worker's professional development, such as being in training [11, 14] , and junior and senior staff [15] within a range of healthcare professions such as nursing [16] and physicians [17, 18] have all been identified as risk factors for healthcare professionals. Additionally, several populations that healthcare workers serve have been identified to also place the worker at risk. Populations such HIV [19] , pediatrics [20] , disorders of the consciousness [21] , and older adults [22] , are among just a few. Although there is evidence to suggest that certain personality traits and personal coping skills can increase one's risk to stress and burnout [23] , there is considerable research that suggests there are organizational, occupational and environmental factors within the healthcare workforce that also have a major contribution to these stressors [24] . This relationship is made more serious due to its influence on performance and impact to the healthcare system that affects patient care. In order to illustrate this, Table 1 provides a brief overview to a selection of the negative determinants related to the psychological, physical, and social dimensions of well-being that could have an impact to the healthcare system. Medical leave and turnover intentions [33] Poor work attendance, Poor patient provider ratio Social Poor social capital Turnover intentions [34] Poor work attendance, Poor patient provider ratio
Poor workplace relationships
Turnover intentions [16] Poor work attendance, Poor patient provider ratio Work-Home Interference Emotional exhaustion [35] Work interference, increased risk to low quality of care
Overview of selected negative determinants related to the healthcare worker's well-being that suggest a risk to the healthcare system
Although less extensive, there is emerging research that suggests a relationship between the positive determinants of well-being to the healthcare system. In order to illustrate this, Table 2 provides a brief overview to the selection of positive determinants related to the psychological, physical, and social dimensions of well-being dimensions that suggest an impact to the healthcare system.
Limitations and challenges to identifying a relationship between well-being and healthcare system outcomes
Although there is a growing awareness in the healthcare community regarding the well-being of healthcare workers and its impact to the healthcare system, efforts to intervene are often met by challenges in convincing healthcare leaders and policy makers that this is a critical component of patient safety that warrants further attention. In addition, due to the lack of a standardized definition of well-being there are limitations to properly linking this concept with healthcare system outcomes. Nevertheless, the selection of negative and positive determinants related to well-being presented in Tables 1 and 2 suggest an association between healthcare workers' well-being and the way that care is delivered. Most of the well-being literature for healthcare workers often highlights just one dimension or one determinant of well-being, for example assessing healthcare workers for their level of stress and labeling this as "well-being." These types of inferences may be misleading as the focus of just one dimension may neglect the interaction effect that the psychological, physical, and social dimensions have on one another that impact the way in which one performs. More research is needed to further explore and establish this relationship. Table 2 . Positive determinants of well-being that suggest an impact to the healthcare system.
Well-being Dimensions Determinants
Influence on performance Suggested impact to the system Psychological Job satisfaction Patients' adherence to treatment [36] , Low turnover intention [29, 37] Reduced risk to adverse event, Improved costs Empowerment Low turnover intentions [6, 38] Improved patient provider ratio, improved costs, reduced risk to adverse events Low burnout Patient satisfaction [39] , positive safety culture [40] , high empathy [41] Improved patient satisfaction, reduced risk to adverse events, improved quality of care Physical Quality sleep High performance [32, 42] Reduced risk to adverse event, improved quality of care Physically active lifestyle Lower malpractice claims [43] , patient adoption of healthier lifestyle [44] Reduced risk to adverse events, improved patient outcomes Social High social capital Low turnover intentions [34] Improved costs, improved patient provider ratios, reduced risk to adverse event. Positive workplace relationships Improved safety attitudes [45] Improved quality of care
3. The measurement of healthcare worker's well-being to proactively monitor system performance
Systems thinking and resilience engineering in healthcare
To succeed, patient safety initiatives must consider not only the clinical, but the organizational factors in the healthcare system. Traditional safety logic techniques in healthcare; however, are often based on linear models that essentially follow a step by step progression with structural rules that assume adverse events are caused by directly interconnected chains of failure events. The complexity of the healthcare system that characterize modern healthcare can produce unintended incidents. These can be difficult to detect through traditional linear analysis logic and solutions. The conceptualization of patient safety within a systems approach takes into consideration the inherent complexities of the healthcare organization. Despite this, patient safety initiatives that attempt to integrate the healthcare worker's well-being tend to be employed within isolated smaller parts of the system, such as within separate clinics, disciplines and professions (each within their own system of processes), and result in disparate strategies, tools, interventions for this (i.e. stress management training). For a successful adaptation strategy, healthcare demands a more dynamic approach that focuses on the system as a whole by including all levels of the organization. Recently, a paper by Edwards and colleagues advocates that elements of well-being and productivity of the worker play an important role in system design or redesign and considerations to how this is monitored and managed are important functions of this process [46] . In pursuit of this, the authors recommend basic conditions for system redesign that include performance management, leadership and key performance indicators (KPIs) with the aim to improve both productivity and well-being of the workers [46] . The authors argue that the purpose is not to develop a mathematically optimal solution to productivity and well-being through the redesign of the system, but rather to arrive at a collective understanding regarding the purpose, function and challenges to be addressed in the design process. Similar to Edwards and colleagues is the Interim Report by NHS on Health and Well-Being in Review that in addition to providing links between healthcare worker well-being and patient outcomes, the report makes strong recommendations to NHS organization leaders and managers to recognize the link between healthcare worker health and system performance and embed this knowledge into the NHS system and infrastructure [47] .
Resilience engineering [8] is described by four cornerstones that take into account all levels of the organization a) to respond to what happens, b) to monitor critical developments, c) to anticipate future threats and opportunities, and d) to learn from past experience -to include both successes as well as failures. According to the authors, RE strives to identify and correctly value behaviors and resources that contribute to a systems ability to respond to the unexpected. Resilience engineering has gained popularity in various safety-critical sectors. Specifically in healthcare, the framework for RE has been advocated for by Hollnagel and colleagues (2013) , who outline a new purpose in safety management through the understanding of what goes right, rather than what goes wrong [48] . According to the authors, the human factor is referred to as an "asset rather than a liability and their ability to adjust what they do to the conditions is a strength rather than a threat (p.4) [49] ". Although risk management principles and practices exists that recognize the importance of the individual within the system, such as Human-TechnologyOrganization (HTO), RE may provide a theoretical framework for developing solutions that not only incorporate the monitoring of the healthcare worker's risks, but their strengths into safety management thinking. Specifically, this offers potential for the development of leading indicators that provide an opportunity for monitoring the organization's resilience with regards to the health and functioning of their workers.
Leading indicators based on Resilient Engineering
Traditional methods for developing leading indicators recommend starting by identifying "what can go wrong?" RE, however, takes a deviation from this method by asking "what can go right? [8] ." Within this context, RE takes an approach that in order to be more proactive, more information is required not just from the outputs of the process but the intermediate activities along the way. This first entails establishing what it means to have a resilient system within the organization and identifying indicators for this. The Resilience Analysis Grid (RAG) developed by Hollnagel and colleagues [50] is a question based tool designed to support management in its effort to improve the resiliency of an organization and may guide a path for developing indicators of resilience. In addition, the Functional Resonance Accident Model (FRAM) developed by Hollnagel describes failures and successes as a result of coping and adaption to complexity [8] . Utilization of the FRAModel provides utility in understanding system performance as it relates to resilient characteristics for the monitoring of performance variability.
Current use of indicators in healthcare
Monitoring and measuring performance has always been a part of safety management systems; however, the development and implementation of indicators within healthcare organizations for patient safety is considered to be in its early stages. Healthcare organizations implement indicators at either the organizational or clinical level; however, most activities regarding the investigation and implementation of indicators in healthcare appear to be at the clinical level of delivering healthcare. For example, at the clinical level, the Agency for Healthcare Research and Quality [51] has developed Patient Safety Indicators (PSIs) for the use of identifying potentially in-hospital safety events [52] . PSIs were specifically developed for "potentially preventable adverse events (p.3) [52] " for patient safety in the inpatient setting, such as surgical complications, death in cases with low-mortality diagnoses, and decubitus ulcers. Prevention quality indicators for example, are utilized by clinicians as screening tools to help flag potential health care quality problem areas that need further investigation [51] . Within the organizational level, indicators are often implemented in healthcare safety management processes and are often lagging, rather than leading. Lagging indicators provide information after the event has occurred and is used to implement changes. Leading indicators; however, provide information that precedes or indicates a future event that can be used to prevent or mitigate an adverse event in one or more of the hospital organization safety core outputs (e.g., patient falls, loss of life). There are two types of leading indicators that are often described in the literature: those that monitor risk and those that drive it [53] . Monitor indicators identify when something has gone wrong in an organization. Drive indicators on the other hand serve to identify development activities aimed at improving safety [53] .
Considerations to the use of monitoring the well-being of healthcare workers as a leading indicator
Based on the literature, it is suggested that the monitoring of healthcare worker's well-being function as a leading monitoring indicator of system performance. A leading indicator that monitors the well-being of healthcare workers cannot predict safety; however, it offers potential in the monitoring of the internal dynamics of the socio-technical system that support the management of safety. Healthy workers are associated with a healthy system thus increasing adaptability and resilience to unexpected events. Within this context, healthcare systems would benefit from the use of indicators that provide monitoring of the healthcare organization's workforce well-being and can alert management of changes in the environment that may impact the system. This argument aligns with similar work by Wallace and colleagues [54] and the NHS Health and Well-Being in Review: Interim Report [47] that suggest healthcare worker well-being should be routinely measured for high quality care.
Arguably, the selection of leading indicators for monitoring the well-being of healthcare workers has many possibilities and is dependent on access and ability to measure it. Preferably, the selection of well-being indicators should provide hospital managers with data that enables them to manage the key processes that will lead to better outcomes. Typically, the measurement of well-being is assessed through subjective report instruments. There has been a considerable amount of research on the testing and validating of instruments that measure the determinants of well-being that may offer potential for the measurement of leading indicators within this context. As an example, the Maslach Burnout Inventory (MBI) [55] is a 22-item questionnaire that has been validated on several samples of healthcare professionals and although designed to assess professional burnout, is often cited as an assessment tool in the well-being literature [56] . The MBI assesses three aspects of burnout syndrome that share many similarities to well-being dimensions: emotional exhaustion, depersonalization, and lack of personal achievement [55] . In addition to utilizing subjective report measures such as the MBI, research identifies a number of occupational and environmental factors within the system design that serve as predictors to worker's well-being [24, 42, 47, 57] , such as worker social support, decreased level of work demands, reasonable work hours, and a stable workforce. Including such as leading indicators for system design could have the twin benefit of proactively monitoring healthcare workers' well-being as well as enabling the early detection of system deterioration before patient safety incidents occur. The development and design of the environmental and occupational factors that promote healthcare worker's well-being must include resources that are within reach of the organization and therefore it is difficult to suggest a framework that can be readily applied to the healthcare organization without taking into consideration their unique characteristics. A conceptual model to illustrate a general approach to monitoring of well-being as a leading indicator of system performance with measurement of self report and system design is shown in Figure 1. 
Further research and conclusions
This paper presented both the benefits and limitations of measuring healthcare worker's well-being as a leading indicator for proactively monitoring system performance. Within complex socio-technical systems, performance depends on the interaction of social and technical functions. Specifically within RE, in order to proactively manage risk, more information is required not just from the outputs of these interactions but also from the intermediate activities along the way [8] . In addition to having leading indicators that identify risk, RE posits that the selection of indicators should first entail having the organization define what it means to have a resilient system and identifying indicators for this. Currently, there is limited consensus to the definition of well-being which presents challenges to operationalizing and thus, measuring it. However, the determinants related to the psychological, social, and physical dimensions of well-being specific to healthcare workers have been thoroughly investigated and suggest both risks and contributions to the healthcare system. In an effort to illustrate this relationship, selected positive and negative determinants related to the physical, psychological, and social dimensions of well-being and their risk or contribution to system performance were presented in Tables I and II . The information presented demonstrates that the well-being of the healthcare worker is an important part of the healthcare system and suggests implications to the quality and safety of patient care. As a result, the monitoring of their overall well-being may offer utility in the proactive management of system performance and warrants further attention. In addition, there may be value in not only selecting negative determinants of the healthcare worker's well-being, but also the positive determinants as a means of ensuring that the workforce is on a path for resilience. Naturally, it is important to be aware that the demands and characteristics of healthcare organizations may differ and therefore, it should not be assumed that a set of well-being indicators would be appropriate to generalize to all healthcare settings. As a result, indicators should be selected and adapted specific to its organization [53] . As outlined in Figure 1 , a conceptual model to the general approach of monitoring the healthcare worker's well-being as a leading indicator of system performance is suggested. The model proposes two opportunities of measurement; the monitoring of system design that predicts well-being and through validated measures of self-report by the workforce. These measurements require research to further test their utility within systems management. Future research should explore the potential value of other existing data within the system that may also provide a means of measuring the well-being of healthcare workers as a leading indicator of system performance. Finally, consideration should also be given to the understanding of how this approach can be embedded within the everyday practice of healthcare organizations.
